“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1987 


Development of methods for low temperature 
diffusion bonding. 


Muffler, Paul A. 


http://hdl.handle.net/10945/22747 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
D U DLEY research materials and institutional publications created by the NPS community. 
qe Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
KNOX appointed — and published — scholarly author. 


LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http: //wwwenps.edu/library 


e rdc e..." i 
Adele a cn ee a. 
یہس دو مینست‎ rv 
PO E pr لي‎ I Ann. جات سس ےش ہیں ا‎ 
ال ا کے ےا سال‎ ee ete کچ‎ SS ويس‎ r ar 
۰0 > رو یندا‎ en موس یمهم اه اجب ریب چیه و جع‎ dirt rit و‎ ee heard 
rd men. Een bina 2 0 نا‎ MP ی يط‎ a ie PER e LR Ar ی‎ ۳ 3 
Mise رس‎ JE LA Qs se تم‎ eqe, våge NS IV en Ep موه‎ idi e eq e i b egi أ اع‎ Den و‎ Vor Mer a eee جک‎ 
* MAX Pei: i a e e یرہ ساسا‎ rO Spee 9 rei peu paar ee eri a ia ES 
5 تبط‎ ad 0 hus Mo 8 2-2 MA سو رم سس‎ Lor ا‎ sasay Mans hac v" ی‎ ot edes 
mak 7 ۱ Fe ۳ E ۱۶ — ded Pu, dl x بیج‎ ne سی‎ ne 9a ham MAR Poli T A LI ed rl Pra جس ہیں یی سس یں .ور‎ re مسوم وسر ود یج‎ a taa 
22 20075 * ME 11 Te meas » 4: ۰ emm, ie ap i, "rS نت‎ ee Haan, DS r vr Thr e 3009 Ben ren 
PS UTE EN fe å C : Pas 1 LETEN ret Jr ےھ‎ tote a n r سس‎ sa o% کی شیج وی‎ Sen 
å dn LE 0 ین بد‎ d T DN b- PA نا‎ m y ef - > ب‎ y 1 ۰ a يكل‎ Ge de sq0 qa » رر سب‎ N ا ے۔۔‎ ated re و‎ A4 کسی دس ںا دی ا د‎ AO e ۳ D. 
Um ۹ ٦ " ۸ a - 5 75 " 1 Ve 0 
را سوا مل یہ بد ابد سب ےس‎ EROS M. > Mes vr “En sun. Te u T پل گت‎ a m Pea x ےڈ و‎ E Ed, و‎ ee es ona S مین ےمد‎ a eS HET رر‎ by TEI 
å ۲ مس‎ eis 2 1 اساي‎ E PS میم‎ WE A سو وو‎ ett fov a eir DE م هام ا ود‎ CIS He «lee Pal پوس کے ہووت ہم‎ ent M سپ به‎ C et os haw, ۱۸۰۰ همه ود‎ rer korka ee VEG Se en ee: 
ہے‎ ww جود ھە ی922‎ bl ا یں‎ ped مو‎ PEA io e "TT PRED MN IRENA. dL oe) ل اسه‎ PR LE ATEM ہر دہ مر مل شس‎ va EV ar i و‎ == odd m Mi" سر تی ہب‎ er 4 یھر‎ RES m a. ول اہ شا‎ apa nere دراو دز می یا دید‎ 
HR ne ی و م عجر جه ال‎ Preah rn Ava A Far û Ur ET ae ا ا‎ er A e - on as ۳ de ue aci 0ق‎ PURA و‎ RR ای سی‎ a ۲ 3 8 d o 
oe nn PON Wy Ta en P m 3 ب عم‎ Preis 2 wef k ۳ á E E P o nm ہک‎ RN 9 mc. رین‎ eee TE شید ری یں شا جب‎ eb pana, یی ید ات‎ e ri aa TR RP 
وت لس سح‎ EN BE S NI E وس جک‎ gei می .۵ھ جو ون۸ جہ ۶ ۸۸ ۸ے رو مہم‎ a us Ap A m 1 hu e E ed nr — nn وی ہی اليد‎ jq dien arte MAA nn سامت‎ a io te ucu y PD AA TT ATA am ee e rer A وريج بب‎ 
Onde TIE == کس یں‎ em کی یو ی جح اھ نکیل‎ 3 en i عدو سمو‎ E 2 ange 4I. N^ EI A سے : 1 ج‎ 7 0 ver ۱ A d om, Arnd kiin e. lh, Nep ego a سمو ووس هتاف‎ Dort i راد‎ LLLA I otv PO نو ا ا ب بچە‎ En 
A La سم موی و‎ bea Sn ee A La . ا ةا عه‎ eh PA ^ ry s ts کی بل می مھ‎ 1۳9 ee 5 199 z. 7 , ۱ E * i eik me "ہہ د ہے‎ gt ør میسن‎ ii IT A aan EEE TER Er پم مج‎ eR dp 
ات موف ود ہمہ وسر یی‎ e Sess 2 | رٹ ی ی تیدج‎ Mier ALTER Kann اا تی‎ A رد‎ ehl IN ot ار ہد‎ "An اہی‎ dun رب‎ u ptes لی ی محسحد‎ LS LLL PUT ii Tm یمم ینس‎ E a نید‎ S ہی مد‎ eres MAA mM very eek Orker N 
AT ee at cd E ا‎ E ال ایب ات ہے ان ےد مس و ور مم‎ rc S یں ہیں ہی ا ہایس ای ہیں مود وپ ےہ‎ alta En شی‎ eripi ی ہی جس‎ 
hey DU ام اخ لت‎ E tee pe LET ES [erem LL x e E dnd I dio ۹ > doc E MP ل سات برا و‎ an Fe Bl ats ۰۰ پا‎ EI 0 e AN] LI — شام‎ EA 9 M $ i 7 و اد‎ = ae 3 » em en ^ ir 
Peke gn A TIPP "e^ rat ren لم نہ‎ ħa Reihen rege > Ld En 7ے‎ Edo rn rn mat ع‎ ve w+ on zug tu 2 LAE ری نہ ہو یل ری ۹۵ ۲۰ ١ءء ریم نووا‎ A AI Se test مومه‎ bm ee ده ممح‎ A NP E یٹ مکش دہ ٹج سنج ہے‎ RR 
ea کے سیک بے و تحت یں‎ rel Ei das Erie uber nire A eres ado کی‎ ae na Has. Yu, 8 ^ b u. s: E. a 15 iS. کر ری‎ ta E De HELL تا 2[ مو‎ CE nere د نھ‎ au q pen ج 5 9۳۷3۷ سيج جوج ری بس‎ RT A no reenter 
EN ا ا‎ re erregen seg EIL 0 Lg ow eer Sede at od 2 Enn LI Ei جع بش ها‎ Par TN اس‎ T PTT $ ^ ns سب‎ TRA shed ود اانا مو‎ ree ماد‎ omes مر تا یز جب‎ L ESET AR en ane N 
ا ا‎ rn nen, C د‎ oe e l يا‎ ind sh ane IA سد‎ PI ر وک ییا د د کر یو ساد ا گی لي‎ on ٠ 06ب ار بدي ا‎ WA pe رہ‎ PET eddie ta a T ۹ - 1 ہہ سسجت وداج 9۰ یه 4 وکت نے‎ Sta båret pe E rem on Me rone ۰ ۹- ہی ٭٭ہ دہ‎ TS 
Mann اب ام‎ AA SPA A AE و ہیں شیب‎ La میس رر‎ OT sas, ete” ارد‎ NS nd Adta g يوب مو بہت‎ am می جد <ه.‎ NAT tw n a. ETS ¡A PA fta y ^ ~ A e d 
وت و‎ Fs eder 0 u m^ x - بی ںو جا سا‎ Free جم‎ en. MA o نل ای وه‎ Peer Mar nat e کچ‎ 
۳۳ ا یتس عیب مو‎ be s E 9۵ eee TT کی سے بت یہ ہم‎ ia سے ہی‎ iin LOT rim d مسوم‎ 5 e * ہی می‎ i PC ii سے‎ M و یہ‎ 8 CAÑA Ta we Veng Aa Ped يويد سی ہے م ور مس ہدید لد رس مہ‎ 10D سس کر‎ T A e. A A اع و ا‎ a ی‎ ir ira r 
تسم میں‎ RI NU s ater pe sa s abd n ا‎ A پیم‎ > A سيد‎ Np ۰ لیم هس‎ E on to a تا‎ Å وس ی :یج ا‎ EP: arisk pe based Hr اتا‎ LT PT ertet LL EN ود‎ e bd iri AS 
کہ ا ست دعو :ا‎ a ا‎ a ہمت‎ ps و‎ ret يد یں سب رب بیو اس خاش‎ g سر دی‎ oo بجر و مره بع‎ PP تس به‎ ۸6 t RE موا‎ NN reg یپ ا ا‎ a ۶ى زس وی‎ a eb 9 bees ie ea ee TY جج ےی‎ EI T EM EA IT 
"p E يا‎ d ni. نے‎ TT | En رز سس € و‎ fag? ا بج ہم‎ "Pev Pol aia, wae بش وهم‎ NP A ہے‎ eden å v - ML Pet 4 hir Er PPI a28 IOS 7 . 
۱85250 ار وك بده‎ Es ا‎ ne, qp ha د‎ ris zs E AS دحوو اج‎ bel az As ee een - irse le 2 1 LLLI ve e, ^ 0 NE LM dn S Ea ts Ve LI دوس‎ E ہیں جہ سس می‎  یجچسموج‎ Mini i l-area T a 
Maa Dum tege I Ege [rv ets s kn nie Pio a u 9 Cen "an pal PA رس‎ be - 2 " 5 eh Said x te 2 Neh. یر‎ rl bred Pul T رسس‎ 37 a چا‎ CADA A 4 LE تس ا‎ a, E hektet KE en et مس مک تچ ہچ تب چک ہت یں رت سج لوي‎ 
ل‎ te re by PER a an gja paar 3 "ioa P cod " معو وميه ل‎ A - eem e ےس‎ eem tt e Perimeter dre ^ رسيس‎ rT eee Door nut... ee LET یں جیدا شس 9 و الايد‎ ko o taħ AS 
cre E TS m 180 NA TA ann, er پک اه‎ ae 0۳ 2s is A d ہے‎ E pei, a سوہ جح پک جو ود‎ x " سو‎ ۰ T] È D ۰ be nn یراس دہ جس کٹ را یی پہیچح چا‎ eT RE Af L i کہ‎ ATS DT 
Pen سس‎ ee oe EE و‎ pee جح ہہ‎ e oe m لت 0 ےش چچ چچچ جج شچچچاشت مس تد شش چک جج مج ہے ہہت سس‎ 
Pur A rema p a ra d سس يد‎ ep dø Xe سا‎ e reach الو یعدم‎ umm Pe a ٠ Ten z; 1 mt ^ 1 há لذ‎ Mo N Le as bo an ہس ینہ‎ ٠ بس‎ indem Lt 5 
A A ی میرف و‎ ap) T کو ہی‎ T4. y ی هی ی‎ ea یک لے‎ 7 = A oft S «PA ee " -2 وه رح‎ ine ںی رس مہ‎ ee UN AR AA مخ‎ a T LR Un سد‎ [DEA سب‎ e ا‎ Yom tee, ee a en 
لا‎ ns a. RW Pr x ; > : 2 9 ^g à ۱ a mm 9 لم ہی‎ Mer > x 0:9۵ a ور سے مس ود‎ ML T P [E } ںہ رہہ‎ a موجہ دہ‎ tt ee A ery ات ليطا ا‎ he E nn Te پچ ی اس‎ 
"T m EE سکم ال مس‎ A E EST EE MR QE UC DE انت‎ MEC DE E EIE ہت ہمہ ہیں سب نت تل یم‎ Sen erence aa E ETT 
: ۰ [v 4, = 12 re ASA = ġ k و‎ m å x k $ em m > ha a TM wa ۲ 4 3 OR 3 7 ٰںٰ یں بش‎ Ab dm و۲‎ m pipi a aa ara e va o, Domos mahe wa. يني‎ en 
rg em رد فرش‎ A RN ا‎ E ا‎ JET Aase R ST EEE 
mo ted Mod ]ی ری‎ E rr 0 ا ° جا يي ی ا د‎ face. جب ید‎ edie ذ۳۴ ۳۳۳۳ کے‎ hu 5 ın q 2 ae l api alid Lm ٠ مي وڈ‎ LT Pr Hte ae سی ہر رر مج و میں ہت وا‎ Be m m 
VP Laeger A Y S Reo TS ser OSP d OE ORT E See rem ER Nan es a ae p a, TPE uel مھ‎ 9. tee omm مت سو جا‎ cri hr re امس‎ rt oaao T e YE EL rer, MA LEY o E E E دج‎ 
Vesper و موم مس‎ Fei een: و و یں‎ ee Eu ee Se سک‎ an a ۴ E à — EA A Ps چس یو‎ rire Pa v : يد هه‎ ne a Moga bamia ee N RS A. e9 DR un, DAA rt a Lop, مس چو ای‎ Er پر‎ Bed لسن‎ als y MAPPA CR TIE Re E LL ےج سی دسج شش یہی‎ e PEE r سی‎ 
بے کہ ہہ بسح‎ TA Frp REY bs Fr ی‎ E 3 > EM A mh 5 Mus MI ہے‎ er e = u ki * m هه‎ $ għan- مس‎ VES سو رر یف کہ رج‎ hese na کت‎ ee a O ET msn. Whew. Verde نس‎ m den ھا‎ B pe deae Oe Pee LU ta a s rr DD 
rj kal LM t عمو ع دہ مس 0 و سی جع ا‎ LL ATI ںوند‎ Ts areas Ie عطق كا‎ t. یس‎ DT رر ہے ام‎ . es ۰ ۰ ا لے رت ود و ا‎ = 5 X ne 91401 ee اج ہس و‎ 
سیب یٹ‎ un, یی ال یل[‎ WA pr سر ہیں‎ ET: میں‎ sun a DP DER ۳۳۹ ۳ NN ER — rhon endte عو کی‎ P M potiri iade ia چرچ ہوں‎ A ا شبات‎ A T ما سا يده‎ ppt a. uber ave 
لے چس سا‎ EE vor E ۳ abs på Mer eer rs d pa) == ¡Por i 9 “bang, Fe ee ie e Er بهم .ع ويه‎ AA Ae Hull Pto un ری مھ‎ ude مو‎ 0 dade رون‎ Vo A ae rom tk ae een تی‎ a ure NZI Bt an Nan hn SION es ty: یہ‎ RN ta 
me. DAA حدم ا‎ lll ws Man ااانا ع عن‎ n, سينا لیڈ‎ WP) ieee ae n ےی‎ T TO ۶ بہت همع‎ if Fi deen Mc بج‎ "RA idet meg رر مد 2 ری‎ ٣ TT ML IMP DT ےہ‎ , me tren ری سس رسپ‎ ee Fer 
اميس‎ Pe Pu AAA ہر تے‎ nl سڈ ںا 7.7 وا یں سح‎ g Oh SJ rey (I ا ا‎ Pre LLL" e A^ S a ہیں‎ TU Annan ma e ۱۹,۸۰ = rå reg donde U es petere ریم ےو اص امت‎ pe بن کی ارام سد‎ amm. جس‎ deg a 
ES aT مه‎ rarrar LUN enc APER PEN Pre ےا پان دی ا مسف‎ ^ A zi. ںا‎ pile de eE Fe be ou tem pice رر رت‎ ne ویر سسجت کی سی‎ 9 LEE 4 H La a bes PM ee ا یں‎ o une Var u RA یہ سن ہج ربا رواش‎ T دح‎ N tun, bel RNA. Ma aa CRAP, "^ 
RP ماس سج ۹س‎ ie TT RP de = gars An Er ی‎ D aA n A ted re ب سب‎ me rere KISI e re ri oy rey ات‎ irri petri عه عا بے سح سی ہیی لی اس ا تحت ا ایا سد سس سا کا مہ نم یسیا دا جا اس یچچ‎ 
ل سود ریس‎ rivale reta TE bd PN pas 0 Fors ریہ‎ S spe TREE en Pers Po fs ke rate = اوس‎ E ۳ a "epe 0 و‎ VRR nn et E 4 و نوس‎ A ۱841 12. ٦ .رب‎ Sen “ame 9: وه‎ ke A PA کے رت‎ LE bi LI ساسا‎ e e یں ہا لهذا‎ ET جس وم ہدس تع شش دہ ہی‎ 
taa rima el RZ = سواہ نہیں‎ ole E ہ7 = برجم‎ 3 2 Ar 7 > = gå m... S : ویر سے سے‎ ver الاسام‎ å a PDA MAA 0 lan ا‎ A وپ‎ OS A o 2 یس‎ Nh Se و رس‎ ۹ m UAE T 
CIAR ON S ERE Ee Tere 0 eee EIE EE EI رز کس‎ E Sp ی‎ eee EB, ee I ےس ٹچ‎ ae جج تح جج ہے‎ en 
کے رز‎ Rue Tree dr par Dal DAA ر‎ ne ب‎ Pd rela تھے‎ iu سے ےج ور وھ ہے‎ rm E يض ابه کے‎ de, r e rer وی مت‎ ۹۳ Verbene rd Ur Dot dede c d rm i u e ans 
یی سے سے‎ P raaa ا‎ IA A A Tyee: ete ہد ا ا اہ او ا ممم عست مو رد‎ 55 TE Pate a tn De E ne Penn nun جس‎ ee OT TY کو رر رہ ۹ ييا‎ N ہی‎ nn i n ran nun ب رس تزاجا‎ 
T A ME: Te v P PR ER ogs نو رہ اسراو یں یا یا‎ a a لے‎ EP 000 Lar o e ' ا‎ A سا‎ er a, م‎ gate ia aa Fee ےا ےج‎ kwarta ir Velen ا‎ Tee سح‎ ros 
AAA و‎ ja Pese Por [^ 2 Å MM air Ara Mieg " Are ف جد‎ a — "E. a b. e E 7 Fa T: ۔ .مد‎ rU ^ MAA As ~~ ^e n teu ا 1 لفيا‎ m. it sa رو‎ & ot ا لسر عونا ٭‎ TE 0-7 لسوت‎ i ee er en ll توب جات يس ب‎ T 
I EI DE جرد دخ‎ en ۳ ies e LP wada ner = use. ^e: PAP dpi, Pare — یکی اده > سڈ‎ ۳۳ rre een تس لم‎ hos ساس‎ tm E E 
TOTTI ری‎ PT Tin LEERE er سوب‎ papel e Mus CUT riot mee m " ede We ak لبس‎ na ee Pre A ati e tt tr Seam. ا اود کا مم‎ A UE EA 
n EE N Peer. ee ۳ دم ہے ردب‎ - ee ep Toy بمب یں‎ PEE rn ^. A re Fre na i a 24 هه‎ E DRADER ES LE aio a رر‎ > >. ke مج و‎ ee eT RED ت‎ AB 
iu al مس تید‎ EP EP ea یمسر رہ ا یی 0 اي‎ a a ee ہے ف‎ Pret. وہہ ژہ جمھے چا لا‎ pete ae de سو‎ en DR ےن‎ EN e NENA Ns mp n E e dh EOS 
4 E pes 9 ee a ar جب سم‎ a "A til > ad T Reg مج‎ er pk ue mS On % Fe ہے‎ Mm on eds an شس تمہت‎ Melo رر‎ tl شس مت کک‎ er جد بداو ع یب‎ rn واو سي ا‎ 0 een 
پت جج سسجت تی سی کو بب چٹ ےکسج سب سی لب سس جس جج شیج دہ تی‎ A کیک‎ Se crm e E TRE : EE ee 
ال اس بن کس ون وی بش سیب ای‎ ee رت ہی او‎ I PRA Pp ا یش‎ a meto a aa دح ا‎ re Rh SE rynke E A br aa e dot eset u. å یں سیا‎ e b: ver یں ہج‎ Paap pet, ےم مود س٤ دج‎ e 
۳ رس روس ورپ .ری - تم وی‎ PN شی ہے‎ tan, å i " en سے‎ ED ve iz Tu ten a re = re کو ہے جس‎ A a ge he ven ید‎ d atas =: وت‎ es a ren u 
1 F tef". ia بد ہریت ٠۔ رر تہ موب سد ۵ وروی لے‎ l [UN و‎ = an pg Vite ۹ pk ee رر سس یو‎ "Reo «c Aq WS o wm ٦ ۰ وچ + تی‎ la اا‎ 3 
TT en “de Pn NARRA AA UT tos ot? ےج‎ TA ند وسر رج‎ ee ور ےی سس وين رس نات‎ i - d kal aa T re od سد ام ا‎ ja اه چا دک ص‎ ۹ heb میم‎ Nee wie be ہے‎ ee x live = ee 
Rev ee P PII a بوب س, سي‎ un ru sen یسح‎ Be " mni A Pr er ی‎ = wo. امم‎ e e A ens < 5 "as 5 مج‎ Or ara erbe EE reg vare nn poll ai ad ممصو‎ ply e EI Veen 
nn az a i oj ET ےس ماد‎ mu ren ad qa in - A = à reno Dens. m ايان‎ ed S 3ص7 چوس‎ å ed I Ee Eb e 7 free کش‎ a ےرہ مس‎ ligt = ee ال‎ orten a ti es ہیں‎ teen لح شیج‎ 
de al ضس ی‎ Pub یس دی ا ا‎ aa E E ره‎ t a erd == T D gren "es ^ dere "ip e 1 ; سان‎ Spar : 
itia وہس جم ض۳۳‎ E x 7 ^ie > = > نو‎ = 3 dan بت - وسر‎ a LE ala او می سد‎ pie یر سيا ا‎ ٦ و ا‎ ar ی ید وی مه وب‎ teren 
PEUT DU E TEE ہی ید سی مت دو ل‎ nian i tn ne nee Se ےه ہہب‎ 
ا بے سد پت رکاش دیسرس دسر ات‎ KE ہیں و یں‎ eee ایر یہي‎ eh ما ری‎ s Ur $ وید‎ Cd qe. A iy 5 بج‎ far sd Narr $ 2 راتسد سرچ‎ 
dnb Date o P ات‎ e Ia P S eget PU ne anon o e Feen ee ee dir ĦA LM ا‎ fuas > ۹ ہے ہے می سک = سو سجس كا مو‎ e >å en ون‎ Des re B en ت دج‎ Zr یں لہچ لي مه مد وکام‎ EN en a AAA a hay, RI ۰ 
جم می دید‎ s رباب‎ n [E لے ور و مجقہ:2 ہ٭<‎ 2-0 bre EL TO ens PATA A p رر ہس ےس‎ Erp یی س ےت‎ PR سر سوا‎ aaa apen یوار رس‎ 3 Es ee ane qa Due note Pie herhe ce ا ما نس‎ Ve Nan evne nære annen, a 
siad سو مس اچچ ہش ہش تک‎ Wot ene te ا‎ a aa dr > re bes JI. AA NE کڈ‎ in °4 IT Ms L ص‎ 23-7 "P af Ald ERN ha Ze = Prasad inr TAS mem Ri Ms en Peg PEE pat io "€ ةا نیم ابا‎ nna E ی‎ T ME A TRENT 
A eae سم بے‎ a a سے رع یہہ مہ کی‎ en wa ee دس کر ےرہ‎ LET TE mår Ka LT AN rie و‎ På kn re Fa طس ری ری‎ a تر ا سج ا ہہب‎ hate مت‎ aa, Mc  . . .ری‎ a رج ےوہ پوت بي‎ eMe SI man 
een ماك وج جر وجح بوه حم د کی کے سے‎ a T PE سر رر یر جس‎ ER En ® کر ہے یں ہے رج ہت‎ Loo سس ےج مجح اس‎ za ETA N سو ور‎ A a. بط‎ b - 7 YT P " LS a MALTA a me یی ب‎ je. De et en eg SE ee az oe Gr uhren pg EM MEE be ee تح ا‎ pi nen 
ee pate ere net sates د2 © جب‎ 00 Lance را میمت اک یں بده و ا‎ ee PI per 8 O e ji ب سب ا‎ ne Tree ا سی اراس عو ا‎ ee re رتس اش ا سے وریہ‎ ۹ e e aa Dn e he SSS 
ہرس یں بی تمس ہی لہ نس‎ LS MeL pre a coal a Pr Li RA TI N êro e God mål JE Ares db Dale Taw £a سے‎ Show 6 Pos Y rt A ers a Pr m ae cies oe ٣-3 = ee e هس وی ید مب مش‎ tee ta E E EU ATTE 
" ع م‎ tat LIA A TON qt 3 er. BR ا‎ PR he Ansehen " وس هدي بريه مجه سه بعس‎ f IPAE aes 1 x d کس کس[‎ 
موی بس بت سح شک ور کید تس یرش رش ہیں تم لے سس یم‎ RSS ل‎ AE rer i TEE e Ee سس‎ 
ای اص می ید ریش یی‎ se eer erp o ea < cod aeg A tr re | PR sn kwa > s : en nt y^ چرس‎ Mm ae = = = ہی سیر ہے هت سب‎ NE et یھ وا‎ ate ایا یرمس‎ head nr en = ۵۲2۰ کا‎ PARMA A De reden de pt اج‎ Redehall oh ot Lou ¡Le | 
an یف مہ أ رر ود سس سی سد ا‎ Eee ew _. ہیر ضس‎ GARA a نا‎ te ل ب‎ P wu u. e lm M 4 ا‎ e MA AO "s. m store موجه‎ cu a E RTT * re tet ary ern 
سا‎ e 3 : " k l i ~ A r 1 ۳ EM + 3 
ا‎ nag و جج 5 مس مس سس سس ےس سسجت‎ ide ta eu ج با‎ ; han : "- 3 a p — ^ = جا کرام ید‎ teen t و بت‎ ET یلم شس‎ er ¡AA en پوس‎ nn Ertrag qr AE ی ا‎ ne eee ten 
€ = ern == $ = x m 4 "oer a x won Mira M E : 0 = - = 4 m رس‎ Rn rn ہہس‎ WW e رر 5 ںی ہي سد‎ Tn kam, ا‎ te re DA T e nn Pe A ) MA دیدج ون‎ 
à S UU EE رو ل یس ای ہا ہی‎ wiri se یه ہو‎ Fr > de e aab år mt G یچ = سڈ‎ ren, "M pers ide en he ja ne 100 ےید کہ‎ n €. lal rw Head نا ہو رز‎ un IO aoas یرب ہک وج ری‎ E AR Ere f ا‎ re 
ee TE a i. dm ٥٦ reta م موده 4 4. ا‎ A LIII Oo br Pam ge died Ld P1. v A TA ے سس‎ > Aaa سو گر رر بت‎ - p w LIT IP Dias aes a a. i m وس ۵ هس‎ > Ka y 4» 3 et البح‎ a سید‎ un جال‎ zen هه وچ‎ ea een ar: ee eue petit سد‎ e ai teen مک شڈ ہہ یں ےت‎ ee ہس ا ےو مت ریہ‎ 
سد ۱ تج اسیا‎ u I boot di i ne bd son ی 2225 لو‎ a e pr Data gg در یں‎ e Da A ریب‎ s. رس 7 وه هه‎ ITI ۰ Lo PUB t P = یڈ جوا‎ e 2 يس‎ don = f eaa سوج بسا وچ‎ ria” ددهي او ما‎ a una ai دج نات‎ 
ue Rata. Posuit peat رح‎ rd 4 eii sd Prod. A OM Free سوہ‎ ee A ید جوم‎ A سید‎ - lm C gite qe à Eben رید ہے‎ er > وی رر مم مس‎ ۳ PE LIU +. eT keen od veve iri wk tt riga یر سس‎ ۵۷ en een 
a سے که‎ Sergi FR A A ا ہے کے سید‎ eer alee re PRA Pto diia e te fede ee E TPP : ġe s pet "UP fpe 0 dee boim m m Lr s Ne tm em ne ki re a لے‎ 0 bis LM mm sp n A جم چجچچ چ مشچ‎ 
تی و ور بط‎ Å ود جنا‎ e e یسب 2 سشتا سيبح‎ IA lI u = pm) fe ERA بو ہے‎ et وم‎ Pt Nie N 9A ج‎ 5 ee A وه‎ Mem ra ۳۹ تب ۰ یه‎ > en ee 9 > = be ren Pio er یی( موه مج رده سے جج اچ تا‎ re بسچ‎ La چت منہیں‎ EE ae 
a RT a ای سر ی‎ aa u el ir ren : Fr et ere eva = ersten, me n E “ur ۹ ۳ > un nn سات‎ pel وف دنچ ہے متممد وه‎ Son جا ور مه‎ e. beis sa Sr Lr ا‎ lE E Prr 
alla ta EJ rn. 5 ES 2 L a e 2 2 7 4 = : på a Ke i de Vd TTY وا ل3 رر ہے موس‎ ete e ha Å <۵ سنہ‎ e ai i L rE etere ra ti جس اد شس سی ہگ‎ o دض‎ 
ی‎ ena ریا سے سم یہ کش سارہ می دی جس یی او دہ‎ y pal er سی سارہ ماما‎ 2 = Seater a LI 5 ے ہف ج‎ iom ا رحس ہے ےد تمہت => 3 اہ‎ N ہے نس‎ m4, ٹا یو یں جم‎ von. رسس‎ T ہس جم‎ TT sm Ar ħa e ta. ميد بج اا ا‎ Wo o inf in im Xena tee مت‎ ee RAE reel id سس‎ DO 
رب ں و ےہ وس ہش‎ teal eee Am ale كسم © عم عه لصاح‎ end re een. npn "M سد‎ Ma سی‎ ta A AA Oase ^ on ee وا رک ہے = بی س‫‎ T اش ونا‎ har D Denen Ma ETTE bir y شی جن چام لاس‎ fe و ےھ جا‎ 
JI A a مرو‎ ra TI 0 و‎ SR ۹ er ساس جح‎ pr En 2... pi bap _ E Lr T 0 سے چم = ا‎ han کر مه‎ ee ا ا لس‎ tija ee li i m رہد‎ ۹ A EAE IDE ET EE: 
UA re et ate ee ee کے‎ Prati dra T. ۳ Po شی‎ wee مج‎ saih ج‎ 1% M و7‎ ln Lor لیے‎ 7 ' ۷ En PLI LL Fe =. hm وعد عبيون‎ ease net PAR ate dara وہہ وی ہے ےا‎ >> mu سے‎ RER de ^o acte oen. heec TRE ar TS AS ERE 
STE LS ifia ring r e qr cipe gd ee u چو‎ ee OA as شر‎ Axes کرک ل ہیی‎ a re mi a T دک ال رکوس ےمجا جات‎ RS GR a ex. es E ee جب شش رہ جس سم دوچ تد‎ 
بط(‎ Noel a سو ۳ ,می ماب دم‎ ee re mi pra wer بہت‎ en وسر سے رت‎ FL o p oen mta ی 2 4 .ےم یچوس دی جیا‎ A a la Earn nies و اا‎ ar g nn el رر یس‎ m a nenn سيوس‎ een 
يم مه مع ل ل‎ jen یرس ےا‎ ema a و‎ ara PA رد ہد‎ ٦ رر سیپ ید‎ moe e O : بب يا - هيه‎ ۹ A سے‎ a د‎ Sn CERE mre rw ~ کے سرت وو ماد‎ Smears پوس‎ << ap la y وو د‎ bend Per pe een e tie 8 ےنچ ا نے‎ 
سد ال ی‎ Mid و درو‎ LAA A e POE با‎ A, ہیی سی لن شس ب0 یی و یب‎ y Ey ہیں و تع‎ Me T uS LE صد یرم‎ DAA A AN a سوک‎ Mart مد‎ A dai, "s P a a ام‎ JIE 0 وچ اج وتو مب‎ reis: اھ‎ = 7 2 ee 
A اس‎ cs Praet. erd mais z 2 e E ١ = 5 مج‎ di. 1 a a A DAA. a رم سیف‎ ia ina A مین مہب ہم یہ ہے‎ i N en. < ER te a Ma و ومو‎ ee ne. EEE e au by N موس‎ 
EDI UT ee کچ‎ TE mt ا‎ a Drew n re een en en سب‎ E ا نهد هر لو سن مجح لاوم‎ tar ren AT o وسو ا‎ A م‎ "iet e ee ا ا‎ 
چا ا‎ nn egere Be enge Di tn ۳ es ae ai E كيه‎ ie اط‎ 5 ae E tedio oc. " ہی‎ M 4 re ۳:۵ جور یه سرد‎ ana س‎ ilit To een, اضيا سوه‎ PER بب رجہ‎ ee ^s IAN NAN a a nen med مب جج یں‎ ee ee ki e da - Pr en ae an 
ساوسو موی‎ TET وو یل بے موا جات یج‎ MIT GW Sr یس ا‎ br Leer on E ei pe see جو ںہ کرک کی ص‎ man PA مس یں‎ d "€ u. pa ~ JPE ini an p keg ج‎ a atin اس وو ب‎ A" Iran un l AAA qay Danette ومو ا اساسا آل 0و ۔‎ en 
A ہو سی‎ A mf sey PA ILS GA d LIS Im ۴رر سوب‎ meds lan 19. uw یسوی‎ ger: محر‎ Pi. re nn fa - pats a bo big کن ےت ند ٹج کے‎ Los e E kai a سن سر‎ MIL Mr ens aa taiba an I PL india ال‎ ELI ne An a ee 
eee ا‎ sal-a یں‎ g P TE E یج‎ T ۰ VG Rt at 4:٥-۰ ہمہ یں ہپ چے ہی تی۹‎ eR en 7 ey ny —- u ار رس‎ P mua VIA S are PRA nny apa S cn Se P" m eet. x LI ns See ndn > ی‎ m وی تہب سد سم دج‎ e E rer pes rca ۳ 
7 i e | u إى ا‎ 9 Lo buts ۹ Mer t. pans nn ann 8 بی سے‎ m e mma I ee سوہ‎ - M jene 7 : Fer Mae ران‎ j E 2 عضت‎ 2 pige tras, ^ 
D ERR ES EUER PESE Seep ac E e EA Un کی سے می مسج‎ e ee ed e ہچ تچ ا‎ SIC ra C E ri er کا نکی کسی ہیں‎ nee و جس‎ kein سب‎ T UR E RA RAUS gender 
ا‎ P ۴ Ld سيم‎ "an * 4 = 2 a. 8 " E. 7 i 3 1 ۳ s ^ RR ۳ M ed 9 7 jr = eg > : ول‎ å nt; 5 toons Ete. sia he > 1 
LEE A E امن یل‎ en re. - وع اید مسر‎ mm: ster و‎ ta ا و‎ Que ae ^» pre وه‎ "^ ener يسح‎ ar LP ii و ہیں‎ rr حد‎ eatin A وسح یدسا‎ aa Ts سوه مسج‎ 
g میں مود 7 ایی ہد‎ NN i img یو مھود ھکد‎ ay میج ری وس سی‎ ern كم‎ es ۹ e, a. . وميواسة هده ے عم‎ 9 ee ا لا‎ ro baksan T ا‎ inns a T nis پر مد جج پیش 0 رر‎ san. 
اسر‎ EG سے‎ A سا یرب ساد‎ ٦ Wa. ug bebe Tee ےھ‎ i on ee ا نے مد سس‎ rp Ar کو و ہر السا‎ » ۳ Pe 5 = Pe C vem 5 T لوراك‎ Pd a en ee انت چنا هون‎ dren 4 سم سنك‎ ee ehren ee رج‎ ee bekken A وج‎ A 
e bo a gå ans EZ ہے ےپ‎ IP nen a da دصرو‎ LI بو‎ e ہہ‎ EO po > P Pe; ini re sige de gg JE re I AI PT 5 5 جوا یس‎ pee re YA سڈ‎ 2 Fe ee مسو‎ ia = nd کش[ یچ کے سم‎ ze de حا‎ > ira ir anea de 
sn bd ےس‎ mi Llc اس ہے‎ 5 ۳ Dl um DA PA ae M 5 a 5 E - n 3 teg Ba E یپ‎ l me mann مس‎ nd as hes Ren 5 ne وه ۳ تچ‎ 2 
perser I IO E یه و مت‎ EA اس‎ e Pee ee pe Zu en بے رد‎ Fa pe no ve e ا‎ DE å sd Es ۴ De: a یں‎ na a +ھ‎ ke T = p کا نہ کہ‎ 2 e tied su NISA یر سا‎ e hier pep Nag i i ا‎ ina Tir Te de metae Rpg eres 
wide b ی هد کے خا‎ a die and ی‎ adr na erde سيم‎ Øk nn Te 3 A, +. wo Oa ان‎ ta ee ^ abl» > rim ۳ ER Ei be دیس‎ nn I یر‎ ie vaare 
ا كسار‎ er n ee at eet tm epe ی ی‎ odi p Parte دم‎ I i iip E oe OP Pr" EA p: ا‎ RE pi e س‎ RT LE 0354 ren . LT ub بت ا‎ ^ VG LT WP 2ے‎ LII DE وا‎ 94 Bele و‎ on hade eg Ae Ay "۸۰ T ا ہم ہنشت جو‎ Ka ka ern nn m رف‎ 
died nes ٣ا‎ Aar. 9. ۲ a 5 A = å 0ئ‎ i ais جع‎ MR ی هدس‎ e NA en ^ aa^ > sk o eR ħi eg ےد ےھ ےد م‎ ee li ej idle “ey, 
DE ہہ رش رسس‎ ee ہیں‎ er Steal ا ےت اوت اس‎ ei apre OSE nn دہ حم شع ششک تی کش کے‎ 
e ere pine RE DS AA A u do PER. ar ۱ گے‎ "ds rag sah A. A ix ra سط رر ہے سو‎ n hen Ayton, aw os er nn rr, ہے مہہ ےووردص ےہ مم عد ود ہے‎ bad ْ :راہ و‎ plenen ar M 
Lo ne da tar سد‎ A "e T re گچرے ہے‎ —--— nal it PA ہے رب‎ ne ze PI UA ہیدہ‎ ams, اليا‎ Pad DA PW LI i e > ٦ ne aseye 7 E Brad Jen = E - be mae m Be dg ”مہ‎ ww Mala. ت‎ rep: cn mal o rege = وو و سوا م‎ ane tee سور جا‎ ne موسر مدموا‎ Aids 
طسق‎ ng ا‎ iia wee Er و اف سا‎ esie ehe rege SR Peg re m. کے‎ re Fa å A. ۰ 3 s 7 = å ا‎ M ør dis å T 2 up . e Den 5 bed ARE 8 جم‎ LIS "e. de |) وت کے یں‎ Mul held Meet, Po تن‎ mi pa ا" يبود ست‎ 
*—. res حول ہے حت‎ a نے وو‎ md m rr reg دز‎ a عر كود‎ ee وی س مہ‎ CI ای ہر سد‎ 35 1 72 EN 5 em 7 5 0 a ۶ 2: اب٣ مه‎ ۳ 0 ۳ p. Ba" ۴ ہے دہ‎ ENT Ne AS: ا‎ = t-bane eS = سد‎ Are ae x orina: end: 
باس‎ iie Ll ASA, Me a y ديد‎ nenn dr LI ee ee A Ai و دض :رم رر نر یسب ےر‎ [Rr T ۰ QM Fun E ag nm d اس - مم" ت سب‎ > = i ۳ 8 si وف‎ se uude reder var eek å وچمه مج جر‎ prorat Septet Er ee en AS 
de. n جب‎ ab ai ص مس‎ A LL» و‎ dd ور‎ naa يه‎ SER لوديا‎ T 7 میب‎ JA PNG ues io^ یہ‎ F F- 7 چس‎ = 5 Ta ġel ja ne وگ‎ AAA uf e Ap, be hen MAT RIA مس‎ AIR REA cen enn و وس السام‎ PE 
e ۳۳ ware Sn jf ارس‎ Praia A ls nn ala کا سح 3 ری‎ - 3 rd 2 2 1 به‎ Axe ہے‎ r ٩ مہہ‎ al a, 5 hetse وہ سک ۔ .ےو وه‎ de MR مم‎ pr يو ف‎ r Gs sie an N, ہے وہ‎ 
ا ھی‎ sn n ياوه کر ا‎ A ال سج ہس ہے‎ m ہے ںاہ ت ری اسا‎ Bore fru Pe t€ — کر یر یپ‎ uu ea LLLI A وہ‎ 3 C bs i ry A hi FE Es و ده‎ E m win به‎ 2 hi ir e^ a چب‎ v ee A rt es ee ہے مہ ےاج وده کشر‎ Bee 
a ci یی لی کیب دوجو جع سا‎ ad more A r هاداد‎ m ہہ‎ ad ا‎ der مہ‎ RP اج‎ ; iew 2 2 P kal m iz a nn ۰ چیه‎ we. ect doe puts non جر هجا‎ ha ee Rd rn ره‎ a TAn تیج‎ a ار‎ nn 
nn ma ہے ہمت‎ , us e Lol o boda DAI AA nn اد نی دص‎ a ۴ میب ۳ او ی هی‎ ۶ 5 HEELS td Ae um ۰ wn سرت ہی‎ - ۰ er DM Pas ۰ یج‎ ern ur سی کے رجا‎ rU ame "i^i ihe i iet root يسيم سيدا‎ A 
2 end سا‎ = Minds eg کو ہر ر دوج‎ “ov ee ur... lu Pr JP 7 ira و مو عد‎ ee "ITI SE PS e LI ا‎ S ^ + wi Om 3 = لهم امس = سە ي ف‎ Y 4 wen Ras E. bg a "Aid els LY uM سد ا ا اس جج داع سے نوہ حرش یدام‎ Ad Jade: settet 
ER an رس سا پا‎ PA re ade at ee رما رآ مس‎ on P xus Putte Pare ew 2 سے‎ ~n 0 E 2 p Fee 1 a = = L kai ud b. Rx du e o ane سم«‎ one na nama Pa A ee ee hs nn ee ne 
ایی سج مسب‎ me یں جس‎ NAO: یریم‎ ee Milo PS fig e اما یں‎ 9 ae : ^; rin i. dp 7 pu 9 Aun جه . ہے کر‎ ۰ - ۱ E vote ہم‎ wa TS > li ند‎ ung en و‎ a Tr Me haha ne ee ee 
ju ans pr ER i مات کی یں مع‎ gen is, دہ‎ i a eg ard dak P . ji; Tit رت کا‎ —— e ce عم‎ LIIS ہن‎ Pie Ot hs un LIU - Liv å 0 0 % ۔‎ ytre, ا کی کیہ‎ LE re ban سورد‎ atte ی ہج جس ہہب‎ ke ik mha يد جه - الو‎ WR 
و‎ ye. edt: رر سس‎ ee De ہے‎ ihi od rati ER SEG انا‎ T ans Pass ےج‎ en ا‎ P E FE 5 Pu aj 8 KE 5 eng - سره کوج‎ we و‎ "t€ ES rs tele DAI +0789 mls en EDAD AA e es ie. he mo ست‎ 0 
و سپا‎ T TA re — رع ای ا ا ا اس سج‎ Fr EX ee ME einen temy p , u “ira سد ۔۔۔‎ " er T ۹ 5 Wa =~ p P Nene dk en EA الله رج‎ un Ta nun مہ‎ TISSET a a 
tii e i ا‎ S e għ i TOP 9-9 de PT و اکب سے ص ل‎ D p.p nt tt رر مین ہے ہے‎ | LL ے‎ LLL PP mS - UN ۳۳۹ س‎ on گے - وص‎ [rr kl nun Kk re. ng جو و دس‎ id al 0 bg a ip re Sea مس مود‎ rcd eee rae aks 
Tr و و لو سس‎ nn ee سا ا جا‎ AEN A رف و‎ ee Re Are En os وت‎ pros ee: 8 Eee مجه‎ pa 3 E n === ںہ مک شس ےر = ا نچ ےم مو تو تن ہچ مج ود‎ EA وچ‎ Baie pins Se ۳6 esta en 
or... VA PD E TA nn tn PME" رم‎ uon gn. sa sa کیہ‎ A ىو عمسم هه‎ TOPE wine ی وه مه‎ 2 5 N Fi es 0 ^ ہے و دہ‎ veta oe وو و ہہ‎ LI 0 وه جیوه‎ LIT e IA + رد 2 هده‎ AN دميو ب‎ ue em t M دنت جم‎ 
ساك دہ‎ een و سیت‎ ON DO سا‎ ed سی‎ ۹ oro ot eee NE d pee fan Ee PEPE en 1 2 u apt > E a T bie رم راونا 9 مسي‎ CE pi سےے تن‎ T ru ent Ne av SE I مھ ا‎ 
el a a cS Pio er bed Tt یی‎ a e با‎ o aa صن عن كله ا‎ un me dl وی وروی اسهم‎ ۳ Le TP E x z Fm معطي حي مد‎ ie) اا یج سات‎ ibis Fr زر‎ ifa irene ne ےہ ےی تد ےہ‎ heises O sann Za ga 
a” ہے سے ہے‎ A a ol em re re یب دس‎ o sp ہمہ‎ Pre دا تی .ہی‎ nn کرات‎ DIAL ےک سا‎ e عد‎ ain z 2 —^ "ia id ی وا‎ ia ordeners ee died Bel سح ےج‎ TEN ۳ ee 
Pi | ero سو ہے میں‎ a اس مهس‎ Re pus dt ددرت ع سے‎ Fe > es E پت‎ S = 9 hs. wk Fe E f = å bke we تن‎ Ls وه = کے ہب‎ —À 3 ۰ ۳ وه مه‎ bas ل پ+‎ be مجه‎ RIT T er € -——— ہد‎ PN - ظا ات‎ ern di اس‎ rs اس‎ 
بے سے سے حرج می‎ TEO, AA ved ar ra et arat unas لي رايد‎ ea Se mms سس با‎ $ ca Les y A AS میں ود دسر‎ e A cA اس‎ LAS 0 2 o^ - 4$ = - a i a = سا مس‎ > y r^ bui i. ا‎ P-- hl pe عم‎ ro ers Sees کے‎ ei aa a idus 
ہے رو سے سم‎ tee Dr sd ee sms ng 1008 ap penga ae وھ‎ A Lan فب رر رب‎ p FE. D A e . 7چ‎ : ^ amen l ed d^. zm ee os ےہ‎ ani — O - ier DA ent oe ee شوہ وج‎ ee 
"00 موس کا ے سے دج ے سے‎ ne aowa a gtit af ap ہہ‎ y ہر ےفحت اہ خر‎ DE Å I ee تا‎ On rn .n m au e. 21 PN سن 07 وت‎ al 3 e i F a hen یدہم‎ Br Munere is ee ee, ri lata Fee en 
ne BEE ee E Regn nia deduc Pr nah an وی‎ nas ا‎ ur ee nl 0 EN ا جو‎ pp a = 0 om وا اجکی‎ gx qual xol “o .. > ` tn y وو‎ as س رید‎ > ۳ = mn aan ہے جب اس‎ dae eda. a T nn ہد یس‎ 
$ ee زوا‎ e nn re Re ESA ae مہ عو اج سر سح مد‎ eo pipe mei = ieee ip rg = - - he ۳ Zu = م‎ p لہ‎ nn ~ ~ wa h [EZ N es v ل اذى <.> ےھ‎ 7 = Ln. ہہ‎ m LI اہین مہ‎ Ma e man.‘ ی‎ ne نیہ‎ 
۶ ج٦ ےہ ہہ‎ tint یی ہم سیت ا سے‎ n ربص‎ nn - م — سے‎ c oun e 0و و رر یل بی رہے۔ جم ۔‎ AO un md o E Ll " one -g tae P ^ ۳1 un ., M * = i E - hd = En ری لس سیت‎ 0-0 Bile عن‎ ee re he, te Beeren FER ae Segen een ar 
A rn ig 0 نے‎ "adir LP ed. Bs nn um ds PE PE -a مسح‎ FR a ۳ ^ 8 : =. E > sc سے‎ ٩ مه‎ hist a u er ibi © ند ہے او دا‎ ids موہ‎ sg می میں دا‎ a ید سر‎ ee 
ب ا ےم ی‎ er Sr oaa ہے‎ drap a ee روص‎ aw ar, ک‎ 3 Te کر‎ Å ۳ pri ۳ — E e dli. Minden. A ee rn no Ze nn ri Te oe ip 
ps pl ۳ sg en مب یط رس ارم عمج‎ pin u SWS cae ane 2 E f = ER =“ e 0 E e E و‎ 4 se 5 ا ہی‎ A -— مس به‎ o. a dq Misi lI rm - Nr ہد ار ےسج ہر لد و و گر ہد مرحو‎ CT CN henne nn | EV 
لا و اس ہے ہے ہے نے -ھ ۵۔ہ‎ ee Pr an r یه‎ PR یی ساد‎ e mer ter, a T 2~ Lum M m. . 7 "y E 9 - o tard e uH er. ans cl SS ee ما مي ےون‎ R s ME En ioc 
دی یلم سرت ری ا سر ا‎ a Oh DD mA و رر ی ہے ہے ےج تحص ہے ٭ ف ۴ 70 ےہر‎ NC ۳ er 5 a. 3 5 امه دعصم‎ m su تا‎ ` owe Dn ہمہ ےج‎ mne o a PEN ae wur nn Met m, e aaa T T Eh 
ei Poln re e Mui dn لے ای ا‎ tee pis ee سا ت٠ ہے وش ہجو وا‎ 02 - ۳ > MU n P MZ E = ۶ on لک‎ tw ™ 7-| a nn ha a a ee رت‎ ۵8 in na ise Ph Ped re حا ا ات ا‎ Re 
بی یھ ص‎ rn -ey > ہے دچ مہ ہے ہچ سر‎ pil ne رر رہ نے وں‎ PN Pies om عو رش لبج‎ E LOTT ےا‎ pee LS و‎ P 5 E E d n 23 E Hait ہی۔ےہ‎ x لمهم ےج‎ pa e a هر مس ورس سب‎ redis ee SS ا‎ ap 
an EE ا یں تس ےہ ہے سے مما‎ A Ds nd rat ten و ہف بے نہب‎ e" ^ e-2 کم‎ dE و اس کر‎ em ہے‎ TS e. wi ۳ P o يه‎ a e - - a a ma. da te ~~ 5 Le a mr |. TE tm w ee ا‎ ER 
bd سے‎ ħa g يماما ھت ند موده‎ ee Da کر ہے ہے ہس رس‎ hai. d HL سے‎ A o DE se. m کش ںی می‎ m" EN - c PI “P a 5 = på Ss كا ع سه جه © نے ہے ره‎ iD A p Te - de 5 .um m u اد‎ NM ۰ tam مم‎ pin گے مجح شر‎ 
سر جس یی‎ rire een ^ ppm M pem ot, سو رر یہ‎ 2 TR EXE e " 6ه‎ am اك د 3 5 سے دا ا‎ 8 à > ہد‎ RUE n m hun N دوه‎ ka us ri —— تم ے‎ Ar ہمد کا وی مد ید‎ a i la o a Fonda رر و‎ rera. 
P Do O e Sg رر ہے 6 سی یں‎ a E ^9 Ê as Pais PAD دہ‎ EE: e 8 ^ * -— به‎ Ld 2 mw 7 P Me me e a سد‎ Lor س‎ > 7 ۰ tm. zZ ہے یہ -~ “ - و ےہ و ےہ د9‎ i Ci ا یىی = — 7 نے‎ Ses an - 
ann جص اجات ور راب سب هس ای‎ N را کے ےن سے‎ o eea Dann ri iman ide ا ار ا‎ m S PO ۲ کم‎ AN A Amat = وہ ود“ ات‎ eco So ۳ی‎ minde ہے‎ E ہیی‎ nie e - E m ده انا‎ O o a T T ۱ > 
eg ee PO 7 en nn ure T RP E EE P e ^ a ۰ A 2 "> > S hetende pad سس‎ på o ru * — pidas er dear z d Bee هه موس‎ 
eg e یچ دی‎ DAA mat mn ی‎ re pp reb ps I cef me ۳ ۳۹ pe AR GE u "ae م رج —- س6 مھ ˆ ا ا مس‎ haa O aN aus شاد جس‎ nt iuis 
en en ann mann de Te A ہر رس ہیں ہچ مہ‎ oe se ^M vor, حح 2 > 5 تسین بس رر یی‎ u س‎ aa 5 bull ل‎ = = =e — = e. — A LUN. anne. = و ور لی‎ 
ت‎ n pe Jern dm A rolas aide en O PRO I - B "i ^ * تج ۳ + ی‎ ar "Nodes: re تسج‎ ae 
ee ee او دب سر ونا‎ Vui د لان 0ے‎ de Jr LLL ہے‎ rA rs 5 anen mo y E eng - - د ده‎ På lh dr n. = ie n ہے‎ EL LII M ہے ہہ ےےہ -٭ە مہہ‎ zes 
TRD سی سی و سر‎ pp et FARER el ا ا نه وج‎ OM رت مسجت‎ O ہے ہے ے سے ی‎ P وت وه‎ e ای مت و و ان‎ ۳ = i: Ra) ۳ پچ‎ a RE دمعو كه پت مه لسرن‎ pieles 
nn un a T ےمج‎ phil ee bd JE PS عه‎ Pe pr pr LULA A Dos A A ہے و‎ e M ore -.... زب‎ 0 ۰ ¬ ۰ pigs ax på ا دسج‎ har 5 ra " E en Rr humi re مھ او‎ 
س سے ت‎ erba ean ©. صصسےء م كع‎ M - a ache dn A Dg rm = Prides DE qr - ۳ ee ۳ H A ir ae n as A E T 7 2 oe سڈ‎ Ry نس‎ ln 
LA as a an A وسو‎ Dro ma “er 1 —— ——— 9. N ی‎ 757 ^h ie ۰ PP} 5 5 72 5 y ا بد‎ iui = z > M mice. E Re = ER en 
ER Gå سے ہے ہے ے‎ OVER MG GA ا نے ہے ہے‎ di P سی‎ "- . Jr m4 20 UP A a a pt LI وہ‎ [nn dd JA سے‎ ۳ 9 5 -1 km o bo 2 ix P D i سرت کا ہے‎ b. aa er een E 
— اہ سمه ود اياي امي تحاف ع سس حي صم سس ہے سے‎ gn ard Pa سح‎ pp E 8 = M E E E ev ~ E dads 5 På naL MN Matar ae يا‎ act ei سوہ‎ 
اھر ہار ہیں‎ gr مو تا ہے صب مھ مدت‎ OP Pat ww a oe ne sn EE 2 جا ہے عب ےھ‎ . ~. KI LI A 3 = y > iP ý å ای‎ = em Fa TE 0 ey 
A يصو حر سه جم ا ل‎ ag مسفن‎ r می‎ nr bl P unge PE کی‎ HELP A ~ ہب‎ u = E NM as N miina A ا سوام‎ eim 
de dn an t a سے سے‎ u te ee eee ee یں مت ہا‎ rae E - یاو هه‎ » Ni 2 مجن = بی » سا‎ IE m. mine سياه ند‎ TS = 
ات‎ a tu ہے‎ li oid s Loin LE en ee O چ س ون م‎ m a s Te LET LT PT 8 9 P ^ e - - ۰ .. 5 E I ~ čo T ~ یه یه هه .مد‎ ---- E Mt E nn -mrm um 
کی ا لے ےلج ددشت‎ de ed ہے بے جہ ہے ےی ص2‎ LI oe ہے ان ,۽‎ ee ھی ےم ہے هه‎ PN eure رپ‎ ^ 5 FI "S "E" 5 ka عم‎ E sal 1 = سپ 8 منود 3 ات وت‎ En cune ier 
hein P I pe DE hd guo bah کس رر ہر ےھ لے جا ہے ےم‎ EEE T ےی کے سے ہہ ہے ۔‎ mon ut IE 2 " 2 » مه‎ " + 3 ow D 5 ۳ 3 E 3 bo Dyp ene 35 = tagħli rem ES سر ام‎ EDs سود‎ EXA 1 
هد‎ 0% A Deals. md وم‎ en an ang Le a Lm mid E Sa e 5 ^ 8 مه‎ aso * - 5 - 5 -æ -.. a“ . * nn nn bL ۳ ETE یں‎ ee 
A ENG ی ا ےس‎ - -- = -— 3 - 5 - - F 4 پچ یت‎ = — = Da 3 y ۳ ۰۳ a x på A ve 7 
Ørsta E گی ریہ‎ NO a a کک‎ s m ۔ ےو پہایم سے‎ 2“ 5-5 m 7 3 ۰ o. 3 da kal ħa ۰ e ہد‎ «» ۰ å ویو‎ S مس‎ eee رتس‎ = pi 
ren رو‎ E kan A o E sa ى » - *ن‎ E TM De ze PT m "M ۳ Ar 5 me ETA - på - - m E pr - کت‎ E - ke 0 ۰ "a پات سح یہد وه‎ - 
م ع سے پا حر سر ںہ‎ ee malate Pd == ہے ور وف‎ re) سس‎ + Pen » ۳ PN pe 5 ^ 5 Å 2 ġa » =. ۰ a e - - PI LPS “= a- ~ -^ ہ ے۔‎ om س ےد-ہ‎ m. 
eu d^ ee d -- PI i. اسب - کر ہر‎ e o. " 5 - 3 E 3 pace 5 ipie = 5 x > b: gie ae a = y سد عد‎ x 
نت‎ Se ات ا‎ d jirg p رر ہے ولا ع ۳ سان‎ nete San A E uni AR a ape aa a E a . 7 ... 2 - ۰٠ P به‎ ` - ~ ۰ - » Lim = = = > - mm m 5 
کور ۔ے سب‎ tated ann 7 ای ی‎ IL e TE ال‎ 8 - E I ewe A ee " نت‎ 5 i zii 5 » n Pene E پا‎ kw 2 5 
گر مسا‎ A a o سر‎ pit ELY ال‎ r DI نہ‎ und P PU »- هي‎ rm 5 وز ہی و‎ es ۳ ee = id ۳ = - د‎ - a هه عي * . ہت ہہ دہ‎ „na. ہے دہ‎ - 
٦ ER ہے مب‎ A کک اہ ہیں یں‎ A اجو کد‎ os ot de aked ATT Wee. d کہ و کس ا‎ Hu rm » På e . . 1 NL 9 | d E Du y ^ z i Eo E 2 Xd کت‎ E ۳ ا ات‎ 
ia پک ٹر‎ > a e Ane ara dd مه‎ td ar På ہس دوب سے ص ح‎ emo. چم‎ Le ~ rn.» 3 LI s .. P g = hy E K = E بت‎ = l rag 
hull za ات‎ SA rd رو مر وا ہے ہی سے‎ P I ۳ .. E "m ۳ 2 3 5 تب‎ E ایا ا ا ل اضيا‎ sg 
Pp ae ah و سف‎ am ے یہ‎ > + - © op» E ER Fon -.. ° n Ji ^ e e pe 5 5 5 x - għaż n چیہ‎ z PEARS 
€= 4o0 نه د‎ me مر ےس و‎ lal. ےو‎ te ol adum LIT nd a ۰ Da a. Cm ووه‎ "P E 5 5 5 Fu ای جا حي‎ y = = جد‎ 
skr یں‎ a. ata i مص‎ P "rem 5 ane - 5 På 3 A 0 ہے‎ E - - > ES je = Y B M u ` ie metes Ser ie 
AZ DE a ی کت و لو جرم‎ si Jr مم‎ ka E 3 5 = - m 2 zu = s 3 3 pur 3 ii 
Pea ا‎ O 7 مس‎ omw A TR اس‎ "X P På - -- 5 ri LE - 5 . alu a = E z > و‎ V 3 E E پک‎ y. 
ہے ۔۔ ے ہے سے‎ ed شی‎ pu ۳ ۳ میں یو رر ےی‎ FE n | P ھا ات‎ ۳ * do p A 8 kd gå = 7 = > ez ka 
Pas . y رت ےر ےر ہے‎ r o Å tr -— e - O A - Pr - LIN LI LI M 3 ۷ ki B n E 1 اف‎ 
2 ME نا‎ m eag - ہیں ہے سے سے اط ہی‎ e. LIP میم‎ > | 3 - . 3 T 3 ~ 70 = 2 ER Fer 
- FR وید‎ Poo نا ی س‎ Po - e E f 3 - - - ۰ » E ۲ 3 7 an S ۳ le d 
سے‎ - a ATA te PIT - 5 E PI a Fe & 7j = = - P I S mha 5 - 5 
= ہے‎ - ۰ æ - "1 må لے‎ LI e Ld LI a - - - 5 esa z مالا ل‎ 3 Ec 
- - LJ ۔ ہ۔ بت‎ - y y - = - + - å 5 05 z > - 1 نود‎ pr ده‎ m uy å 
LJ - ا‎ LE " - ہس‎ o P" E 3 ^ m ۳ På - LE 5 = Li PE y x 
= سايم‎ er E * Ja» 5 men ^ - abi ماه‎ fe om P مه‎ ۰ .. . .». - ۰ E 3 وچ‎ E E 
سے‎ MP HN > T LA m "o EJ e > e - uL . = ص‎ o 2 ` à 3 > på 
DA e ee سس‎ aya LI A یو‎ y ہہ ۔‎ LI bdo AP - "E a - 4 0 0 E * 
- LAW) | ی‎ m Er P E 5 3 > = y 0 is 
۰ - ro — «ur a > Lom "- ona p - - 3 ی‎ ۳ - 3 ka 
سے س‎ are ” 5 OE SE LIP - ل‎ 5 5 - = e 5 > rl 
= = Ta saso کرای‎ Ae - 7 وا وس‎ FI Uu z u = 
på من ی جات کت‎ LIP Put مب‎ en AS - 5 LE ma . z 
GE E -—— ای‎ o صا‎ a = - På 4 as 5 bs 5 oe 35 > 
جو شی خی می - - کی‎ ug “¬. På ۳ ۰ - رب‎ S v -— på <- 
= > SS A a - „m. ہے۔‎ oe ere - " ta 
De - = سے میں عه م‎ - . . 5 LI MED" 2ئ می‎ - På ۰ 
Ld aa ںی رر‎ - Ld uis ag م“‎ Ma LI Ld kuk a LIA *- 
- ap on م م‎ se eras LEE 35 > e r - 
» 8 wa. a ہے سے سے‎ Lm p 
220 P ہے - ہے بب‎ - 
3 


mat > 
meses PO BCEDO — 
snmmo, dca 5 urn 

— 

















NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





ENT OF mpå | 
A 


E 

FS NMI SE 

] 

iu b 

FRE PRESS 
UA 


ٹیپ خی ہیں 











ے 
x‏ 


THESIS 


PE SCOPMENT TOPR METHODS EO 
COW TEV PERATURE T DIFEUSION BONDING 


by 
Paul A. Muffler 


September 1987 


Thesis Advisor K.D. Challenger 





Approved for public release; distribution is unlimited. 


T234304 





UNSEASSIFIED 
CTC ؛ ۲۴ بت‎ ) ہ١۹‎ E CA BLOEITTE 


REPORT DOCUMENTATION PAGE 


"å PORN icConiT Y ای‎ LATIONMN "po RESTRICT. WE MARKINGS 
UNCLASSIFIED - 
C4 SECURITY اش‎ ۷ 9 ) DSTRIGQUION/ AVAILAGILITY OF <EPORT 
Approved for Public Release; 
.9 DELL ASS FICATION: ODONNGRADING SCHEDULE Distribution is unlimited. 


3 PERFORMING ORGANIZATION REPORT NUMADERLS) > MONITORING URGANI ZATION REPORT NUMBERS 





tå WANE OF KFERFURMING GRUAN ZATION A NE في‎ “ae ur SUN FORMING UR Lal ON 
(if aponcavie) 
Naval Postgraduate School 69 Naval Postgraduate School 
& ADDRESS (City State ang LP Cooe) "9 mODRESS (Cy State. and 2 Cooe) 
Monterey, CA 93943-5000 Monterey, CA 93943-5000 
ود‎ NANTE OF FUNDING: SFONSOR'ING BO Jf CE SYMBOL I PROCUREVENT NSTAUMENT 126 NR CATION NUŻAŻER 
ORGAN! ZAT ON (f و :رن در‎ 





4 2IDIRE3SAUU جح‎ Siale ang 28 (00e)] 





2 9 ز)‎ ٢٥۶ 6ھ‎ 20C7 "ASA | ۸۱ ۰ 20ئ2‎ 
ELEMENT NO NO NO ACCESS O's NO 


zi DILDO »eCof'Cv id Min" con) 


DEVELOPMENT OF METHODS FOR LOW TEMPERATURE DIFFUSION BONDING 





EN AENEA. Aau TC ARS) 
Muffler, Paul A. 

"dd "ver Ge SE POR BS TNE Con å TATE CF REPORT rear MONIA Sey, و ان تاد‎ ue cs 
Masters Thesis ans 2 September 1987 39 


> SAY MOT ON 





t$ a 9.5 TERMS contr nue cn revenge it recesseny 900 gent ry, Dy OCC PLMO?) 
EN | GROUP هن ویو‎ Low Temperature Methods for Diffusion Bonging, Solid 


۲ 5 — State Bonding, or Diffusion Welding 


I 239 IALT Continue on revene if necessary ana ıgentiry py DIOXx ,^numqeri l = 
An apparatus for low temperature diffusion bonding of dissimilar metals has been 


developed. Experiments varying the bonding temperature at constant pressure and time were 
conducted utilizing type 316 stainless steel samples coated with a layer of silver in order to 
verify the design of the apparatus and the bonding procedures. The Scanning Electron Micro- 
scope (SEM) was used to illustrate the effects of temperature variation on the microstructure | 
of the bonds produced. The results showed diffusion.bonds of silver to silver to be possible 





at all three temperatures used.  Recrystallization and or grain growth in the silver coating 
occurred at the bond interface at 300?C and the entire coating was beginning to recrystallize 
and undergo grain growth at 400°C after 30 minutes at 20,000 psi (137.9 MPa). The experiments 
successfully demonstrated the capability of the apparatus, but much more development of the 
bonding procedure is required. 


memes 3) CN.Ava LAS. Y C* ABS'RACT ¿* ABSTRACT” SECURITY CLASICA ION 
PON CLASS 6 ] ۵ ٩۱۸۱۰۶۸۱ ۲ ] 2ھ‎ SA'^E A$ ۴۳ (a re ۶۹ UNCLASSIFIED 








«9 AE 119+ 9+ زا »لت عاج 0 ۶۹۹ب‎ (PNCHyUQe Area oes yee. ا۴ با‎ 3). Man. | 
Professor K. D. Challenger (408) 646-3036 69Ch 
DO FORM 1473, så Maa BJ Ark ec ten ar ce iseg un’ searauy!e) ۷۶ 89 + + , aa 


1 


Approved for public release; distribution is unlimited. 


Development of Methods for 
Low Temperature Diffusion Bonding 


by 


Paul A. Muffler 
Lieutenant, United States Navy 
B.S., Purdue University, 1980 


Submitted ın partıal fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN MECHANICAL ENGINEERING 
from the 


NAVAL POSTGRADUATE SCHOOL 
September 1987 


ABSTRACT 


An apparatus for low temperature diffusion bonding of dissimilar metals has been 
developed. Experiments varving the bonding temperature at constant pressure and 
time were conducted utilizing type 316 stainless steel samples coated with a layer of 
silver in order to verify the design of the apparatus and the bonding procedures. The 
Scanning Electron Microscope (SEM) was used to illustrate the effects of temperature 
variation on the microstructure of the bonds produced. The results showed diffusion 
bonds of silver to silver to be possible at all three temperatures used. Recrystallization 
and or grain growth in the silver coating occurred at the bond interface at 300°C and 
the entire coating was begining to recrystallize and undergo grain growth at 400°C 
after 30 minutes at 20,000 psi (137.9 MPa). The experiments successfully demonstrated 
the capabilitv of the apparatus, but much more development of the bonding procedure 


is required. 
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I. INTRODUCTION 


Welding (fusion or pressure) and brazing are the most common processes used to 
form a metallurgical bond between metals. Diffusion Bonding (also referred to by the 
American Welding Society (AWS) as Solid State Bonding, Diffusion Brazing, or 
Diffusion Welding) is an example of a pressure welding process which is gaining 
widespread industrial application as a viable alternative to fusion welding. 

In diffusion bonding, metallurgical bonds are made by heating and pressing two 
similar or dissimilar surfaces together establishing interatomic bonds across the 
interface. The International Welding Institute (IWI) adopted a definition as proposed 
bY Ne F. Kazakov Rer I: 


"Diffusion bonding of materials ın solid state is a process for making a 
monolithic joint through formation of bonds at atomic level as a result of closure 
of the mating surfaces due to local plastic deformation at elevated temperature 
which aids the inter-diffusion at the surface layers of the materials being joined.” 


The stages of conventional diffusion bonding are: (1) Materials to be diffusion 
bonded are pressed together. Initally the contact area ıs small due to surface asperities, 
then tne pressure causes asperities to deform increasing the surface contact area. (2) 
Interdiffusion across the interface occurs and (3) Finally recrystallization takes place. 
Diffusion across and along the interface ıs essential to form a metallic bond between 
the metal specimens. In order for the diffusion to occur, the interfaces must be ın 
contact and the atoms must have enough energy to cause mass transport across and 
along the interface. The requirements can be met by application of pressure which 
increases surface to surface contact and by increasing the temperature which raises the 
atomic mobility. 

This thesis research involves the development of a diffusion bonding system 
which can perform low temperature diffusion bonding. Low temperature is defined as 
0.5 to 0.5 times the melting temperature (Tm? Kelvin) of the material to be bonded. 
Ihe reason for the emphasis on low temperature is so that the process being developed 
for diffusion bonding can be used to join materials where their properties are altered by 
elevated temperatures. An example of a temperature sensitive material is a material 


which has a metastable microstructure at room temperature. These same materials 


have specific characteristics which can be lost with increases in temperature when 
metastable microstructures transform into stable microstructures with completely 
different characteristics. Another positive factor for diffusion bonding is that 
dimensional tolerances are maintained which eliminate costly post bonding machining 
Or reshaping. This thesis presents a discussion of the apparatus and procedures 
developed, sample microscopy, a discussion of the results obtained for the effects of 


teniperature variation, conclusions and recommendations. 


II. BACKGROUND INFORMATION 


Diffusion Bonding ıs a simple process and has been used to join a varietv of 
similar and dissimilar metals that cannot be fusion welded or brazed because of 
metailurgical incompatibility [Refs. 2-6]. For ideal or perfect samples, thev need only 
be brought together in order to form a spontaneous joint. Despite the simplicity of the 
diffusion bonding process, no sample surfaces are perfectly ideal and real surfaces are 
not clean or perfectly flat. Real surfaces are covered with contaminants and oxide 
films. Carefully machined specimens are still rough with many microscopic asperities. 
The typical machining practice produces asperities 0.3 to 1 micron (12 micro in. to 40 
micro In.) ٣٦ 

Surfaces must be as clean and smooth as possible on a microscopic scale in order 
to promote successful bonding. However, once a surface is cleaned and machined 
smooth all low and high spots instantaneously acquire an oxide film and contaminants. 
In diffusion bonding it is essential to not only remove the surface oxides and 
contaminants, but to also Keep the surfaces free from recontamination. Two different 
processes are used to try and prevent the recontamination of the sample surfaces: (1) 
diffusion bonding in a vacuum or a controlled atmosphere, and (2) coating the sample 
surface substrates with an intermediate layer. 

Diffusion bonding in a vacuum system requires that the samples be cleaned, 
heated, and pressed together inside the vacuum system. The vacuum required for 
diffusion bonding is usually 101 to 107? Pa (TS 109 to 7.5 x 1070 Tor) [Reri 
however, maintaining the system that supplies this vacuum can be a technical problem. 
Even very high vacuums 1.3 x 1074 to 1.3 x 10? Pa (9.75 x 1077 to 9.75 x 107? Torr) 
can not be considered totallv inert. Small amounts of inert gases present will not 
readily absorb on or dissolve in metals [Ref. 7] however, impurities in the inert gases 
can dissolve or form surface oxide contamination. The diffusion bonding unit can be 
designed to be fairly simple utilizing a vacuum or an inert gas. but the commercially 
avallable units are not easily modified once designed for a specific function. 

The second process uses an intermediate layer deposited on the sample surface 
interface. Examples of coating layers that have been used are silver, nickel, copper, 


and gold (Ref. 9). The intermediate coatings used in diffusion bonding can be applied 
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by either electroplating or vacuum deposition. Electroplating has been used, but nearly 
all current efforts involve vacuum deposited intermediate layers. Once the intermediate 
laver has been deposited bonding may be performed at atmospheric pressure and in air. 
Overviews of the coating processes can be found in the literature [Refs. 8-10]. Work 
done by Knowles and Hazlett [Ref. 11] indicated that the diffusion bonding atmosphere 
(vacuum, air, oxygen, or helium) had no effect on the bond strengths of aluminum 
ioints that were coated with an intermediate layer of silver. 

All other factors considered, the success or failure of either of the two diffusion 
bonding processes depends on three variables. These variables are temperature, 
pressure, and time. The bonding pressure should be sufficient to aid in the 
deformation of the surface asperities. The bonding time is variable. Increases in the 
amount of bonding time are beneficial up to the point where grain growth impairs 
bond strength [Ref. 1]. 

For the purpose of this research, it was determined that the vacuum diffusion 
bonding process was impractical. The process whereby samples are coated with an 
intermediate layer and then diffusion bonded was the choice for this research. Samples 
of tvpe 316 Stainless Steel utilizing a layer of silver were used to validate the low 
teniperature diffusion bonding system developed. The samples to be diffusion bonded 
were bonded in air at a constant pressure and time utilizing an intermediate layer of 
silver. The bonding temperature was the only independent variable. Temperature 
variations were used to determine the effects of temperature on the development of low 


temperature diffusion bonding. 
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111. EXPERIMENTAL 


A. EQUIPMENT 
|. Sample 
The samples to be bonded are standard ASTM Tensile Specimens (Figure 3.1). 
Standard tensile test samples were used to facilitate easier tensile testing upon 
completion of bonding. Samples were machined in half to enable the surfaces to be 
prepared and coated. Type 316 stainless steel was chosen for the sample bonds. The 
chemical composition limits for type 316 stainless steel are listed in Table 1; the limits 


listed are shown as weight percent maximum unless shown as a range (Ref. 12]. 


3/4 - 10 N.C. 1/8 8 





inch SE 2.5 inches — inch‏ ےھ 


4.5 inches 


Figure 3.1 ASTM Standard Tensile Test Specimen. 


a. Surfuce Preparation 


The 316 stainless steel samples were conventionally machined in half prior 
to the surfaces being coated with silver. No efforts were made to improve or modify 
the surface finish beyond that which was produced by the conventional machining 


process. Cleaning the machined surfaces is very important for the adhesion of the 
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silver coating. The procedure used for cleaning the samples after the conventional 


| 
| 
pe lo (Gontent, wt) | 


machining was: 


1. Wash in hot (80° Centigrade) Alconox soap and water solution 


2. Rinse with tap water 

3. Soak for 10 minutes in Trichloroethylene 
4. Soak for 10 minutes in Acetone 

5. Soak for 10 minutes in Ethanol Alcohol 
6. Air drv 


b. Specimen Coating 


A laver of silver was sputter coated on the 316 stainless steel samples in a 
high vacuum diffusion pumped system at the Naval Weapons Center, China Lake, 
California. Sputter etching was used prior to coating in an effort to remove residual 
atmospheric contaminants and produce an atomically clean surface. 

The work of O'Brien, Price, and Olson [Ref: 4] found that the tensile 
strength of the bonds formed were a function of the joint thickness. The maximum 
tensile strength was achieved with a joint thickness of 25 microns (1 mil) For this 


research, this same thickness of silver was to be used on all samples. 


2. Diffusion Bonding Apparatus 
The purpose of this research was to design and construct a diffusion bonding 
apparatus to study low temperature diffusion bonding. The diffusion. bonding 


apparatus (Figure 3.2 and 3.3) consists of: 


l. Diffusion Bonding Press 
a) Stainless Steel Support Frame 
b) Enterpac Model RC-102 Hvdraulic Ram 
c) Dura Model AISI 316 Bourdon Pressure Gage 
d) Celesco Model BCR 50B Digital Pressure Transducer 
e) TRW Engineering Hydraulic Hand Pump 


2. Induction Heater 
a) Cycle-Dvne Model A-30 Induction Heater 
b) MTS Model 924.85 Temperature Control Panel 
c) Cycle-Dyne Cooling Water Pump 
d) Newport Model 267B Digital Thermocouple Readout 
e) Spiral Pancake Coil 


a. Diffusion Bonding Press 

The diffusion bonding press (Figure 3.4) was designed to be able to bond 
ASTM tensile specimens that had been machined in half and coated with a layer of 
silver. The pressure used on the samples was supplied bv the hydraulic hand pump and 
tne piston cylınder. The pressure was monitored by either the bourdon pressure gauge 
or the digital pressure gauge. The actual pressure on the system was less than the 
pressure at the interface of the samples. The difference in the pressures was caused by 
the difference in amount of surface area in the ram piston and the surface area of the 


2 The surface area at the interface is 0.2 in”. 


samples. The area of the ram is 1.767 in 
As an example, if 20 ksi (137.9 MPa) was desired at the interface, that would require 
the system pressure on the hydraulic ram be approximately 2265 psi (15.6 MPa). A 
special note is the maximum allowable pressure on the hydraulic ram or system 1s 8960 
psi (61.8 MPa). This maximum system pressure correlates to a maximum pressure at 


the interface of these specimens equal to approximately 79 ksi (551 Mpa). 


b. Induction Heater 
The Cycle-Dyne Radio Frequency (RF) induction heater (Figure 3.5) was 
chosen for the development of low temperature diffusion bonding because: (1) It 
provides a relatively fast heat up time. (2) It produces predictable temperature 
gradients and (3) Modifications to the system are only a matter of interchanging the 
working coll (Ref. 13). Samples used for low temperature diffusion bonding tend to 
form an oxide layer upon prolonged heating. The shorter heating of the induciton 


heating method reduces the chances of an oxide layer forming on the surface. For this 
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Figure 3.2 Diffusion Bonding Apparatus Schematic. 
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Figure 3.4 Stainless Steel Bonding Press. 


heating method reduces the chances of an oxide layer forming on the surface. For thıs 
research it was desired that only the interface be heated. The thermal gradient will be 


discussed further in Procedures. 
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The Cycle-Dyne provided the power to the induction coil and the coil is 
Kept cool by the cooling water that is pumped through the copper working coil. The 
spiral pancake coil (Figure 3.7) was used as the working coil. Desired temperatures are 
achieved by adjusting the set point on the MTS Temperature Control Panel (Figure 
3.6) to a pre-calibrated setting. The temperature controller monitors the sample 


temperature by a thermocouple spot welded to the sample. 





Figure 3.5 Cycle-Dyne Model A-30 Induction Heater. 





Figure 3.6 MTS Model 924.85 Temperature Contro! Panel. 


1۳ 


B. EXPERIMENTAL PROCEDURES 
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Figure 3.7 Spiral Pancake Coil. 


1. Preliminary Testing 
The checklist of step by step procedures to be followed for performing 
experiments is listed in Appendix A. Before low temperature bonding experiments were 
performed, system characteristics were determined. A plain stainless steel sample that 
had been machined in half was mounted in the press, similar to that shown in Figure 


3.8. Eight thermocouples (TC) were attached in the following positions: 


TC #1 1/2 inch from the ۳۲۲ ۵ ۲۵ 

TC #2 1/4 inch from the left of the interface 

TC #3 1/4 inch from the left of the interface 

TC #4 at the interface 

TC #4a at the interface (MTS Temperature Control) 
TC #5 1/8 inch from the right of the interface 

TC #6 1/4 inch from the right of the interface 

TC #7 1/2 inch from the right of the interface 


oc N س‎ 


ana u 


An induction heating experiment was conducted to determine the temperature 


gradient present in the sample. The results of the experiment are ploted on the graph 
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Figure 3.8 Sample Mounted For Bonding. 


in Figure 3.9. The actual interface is marked by zero and 1 unit equals 1/8 inch. The 
graph shows for each of the digital settings that there was a temperature gradient peak 
and it was not located at the interface. This was not a major problem. For actual 
bonding experiments, the temperature of the sample was monitored with only two 
thermocouples. Each thermocouple was placed 1/8 inch on either side of the interface. 
The peak temperature was positioned over the interface by adjusting the coil until the 
two thermocouples displayed the same temperature (or within £ 2°C). This would 
produce an interface temperatures 12°C over the thermocouple temperatures at 300°C. 

Temperature gradient through the thickness of the sample was also measured 
(Figure 3.10). The data for the figure was produced much in the same way as the 
previous temperature gradient was determined. Thermocouples were placed radially 
through the thickness as follows: 


۲7 ۱۲۱٥۲۲ ۶886 surface 

2. TC #2 1/8 inch left of center 

3. TC #3 on center 

4. TC #3a MTS Temperature Control 
5. TC #4 1/8 inch right of center 
AE 1 ۶ی‎ 
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Figure 3.9 Spiral Pancake Coil Temperature Gradient. 
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Figure 3.10 Temperature Gradient Through the Thickness. 
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The data in Figure 3.10 show that practically no temperature gradient exists 
through the thickness. This result is good and will promote homogenous bonding on 


the surfaces. 


2. Bonding Parameters 

The bonding pressure and time were held constant for all bonding 
experiments. The bonding pressure used was 20 ksi (137.9 MPa) and the bonding time 
was 30 minutes. These values were chosen to be similar to the experiments performed 
by: Dini. Kelley, Cowden, and Lopez [Ref. 10]. 

The temperatures used for the low temperature diffusion bonding were 200°C 
(473°K), 300°C (573°K), and 400°C (673°K). Table 2 lists the comparison of bonding 
temperatures to melting temperatures (Tm) (Ref. 14]. 


| TABLE 2 
| TEMPERATURE COMPARISON 


Material Tm Bonding Temperature 
AIR ER 
| Silver LS . 4Tm . SIM „SSIM 
li 316 Stainless Steel 1648 Ek ٦ 


The table shows that the temperatures chosen for these experiments are 
especially low for the stainless steel. 


IV. RESULTS AND DISCUSSION 


Throughout the course of this research no diffusion bonds were formed with any 
significant tensile strength. The lack of diffusion bonding was caused by the fact that 
the silver coating did not adhere to the stainless steel (SS) substrate. Subsequent 
analysis by scanning auger analysis indicated that the stainless steel to silver interface 
was contaminated with hydrocarbons sufficiently to prevent diffusion bonding at this 
location. 

The actual thickness of the silver layer applied (Figure B.1) was 40 microns (1.6 
mil). The thickness was four times that required to produce total interlaver thickness 
of 25 microns (1 mil). Despite the fact that no stainless steel to stainless steel bonds 
were achieved, there were silver to silver diffusion bonds formed. Figures B.3 through 
B.8 show the silver interlayer diffusion bonds that were formed at the temperature 
variations previously mentioned. 

Sample B was diffusion bonded at the lowest temperature 200°C. The dark line 
down the middle of Figure B.3 ts the actual interface and the light white lines are the 
results of interruption sputter coating process. The micrographs in Figures B.3 and B.4 
show the very columnar grain structure which 1s what would be expected from sputter 
coated silver. Some diffusion bonding did occur across the interface as seen in Figures 
B.4. 

Sample A was diffusion bonded at 300°C. Figure B.2 is a low magnification 
photograph of an actual bonded region (the lighter colored area around the upper 
edge) where there was some adherence of the silver to the stainless steel. The two 
black marks labeled A and B are where the silver-SS interface cracked during the 
removal of the sample from the press. Micrograph 1 in Figure B.5 shows an area of no 
bonding, but it is difficult to determine whether or not it was bonded and then 
separated when pulled apart by the ram during the specimen removal. Micrograph 2 
shows the start of recrystallization at the interface and the edges (surface adjacent to 
the SS). Micrographs 3 and 4 in Figure B.6 show some grain growth across the 
interface indicative of bonding. Recrystallization and grain growth will be discussed in 


detail later. 


Sample D was diffusion bonded at the highest temperature 400°C. In Figures 
B.7 and B.8 micrographs 1 and 4 show definite grain growth and recrvstallization that 
has all but obscured the silver to silver interface. Micrographs 2 and 3 show the 
staring of grain growth at the edges and interfaces. Micrograph 2 shows the 
possibility of more than one silver to silver interface. The other two interfaces are the 
result of an interruption in the coating process. When sample D was sputter coated, 
the process was stopped and there was a 36 hour delay before restart. Vacuum was 
never broken during this delay, but the cooling down process and restart caused this to 
been nr 

The recrystallization temperature for pure is silver around 200°C [Ref. 14]. This 
temperature is the temperature at which complete recrystallization will occur in a finite 
period of time usually 1 hour for heavily deformed material [Ref. l5]. The 
recrvstallization temperature is meaningless unless a (inite period of time and the 
amount of deformation is specified, because recrystallization ıs affected by time, 
impurities, and strain or stored energy. The experiments were all conducted at 
constant time period of 30 minutes and the deformation was minimal, both of which 
would tend to raise the recrystallization temperature. Since the silver-silver layer 1s 
very pure, impurities are not considered a factor in the recrystallization temperature. 
The driving force for recrystallization comes from the stored energy [Ref. 15]. As an 
example, two different materials are annealed at the same temperature would result in 
the material with the larger amount of cold work recrystallizing much faster. This 
research used constant bonding times for all experiments, therefore the areas with 
higher stored energy or strain energy will recrystallize first. 

In Figure B.5 and B.6 the recrvstallization at the silver-silver interface 1s due to 
the deformation of the asperities which increases strain energy. Micrograph 2 in 
Figure B.7 shows three lines of recrystallization. The one in the middle is the silver- 
silver interface. The other two lines of recrystallization are areas where the sputter 
coating was interrupted as mentioned earlier. The stopping and restarting of the 
sputter coating caused smaller grains at the surface. The smaller grains and residual 
stresses that occur during the initial stages of the coating process when the substrate is 
cold increased the stored energy and caused this area of recrystallization. 

Grain growth follows recrvstallization and its driving force lies in the surface 
energy of the grain boundaries (Ref. 15). Grain growth can be seen in sample A on the 


outside edges of micrographs 2, 3, and 4 in Figures B.5 and B.6. At the highest 
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temperature, sample D shows major grain growth in micrographs I and 4 of Figures 
B.7 and B.8. 

In comparing the results of all the diffusion bonds it is easy to see that the 
increasing temperature has a major effect on the microstructure. The estimate of the 
recrystallization temperature is 250 to 300°C. An analysis was attempted to quantify 
the actual percentage of bonded regions, in lieu of tensile testing, but the analysis was 


unsuccessful. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


CONCLUSIONS 


The basic conclusion of this work is that the system and methods developed can 
perform low temperature diffusion bonding, as noted by the silver to silver 
diffusion bonds. ۱ 


The failure of the silver layer to adhere to the stainless steel did not effect the 
results of this research. With properly coated samples, it is assumed a full 
stainless steel to stainless steel diffusion bond would have been achieved. 


Results from experimentation show that the temperature variation has a 
significant effect on the interlayer microstructure. The estimated 
recrystallization temperature was 250 to 300°C. 


The diffusion bonding apparatus can be used for further study of the 
fundamental mechanism of low temperature diffusion bonding. 


RECOMMENDATIONS 


Improve the sputter coated silver layers adherence to the samples. 


Continue research to study the effects of temperature variation on the tensile 
strengths of the resulting bonds. 


Conduct experiments bonding dissimilar metals utilizing an deposited interlayer 
or a thin foil. 
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APPENDIX A 
EXPERIMENTAL SETUP AND PROCEDURES 


TE DO 15 tor provide a detailed sequence of steps for 


diffusion bonding samples in the system developed for this research. 
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16. 
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18. 


Check both ground cable leads are securelv attached to ground. 

Check water level in cooling pump reservoir. 

Check working induction coil for obvious breaks in the insulation and leaks. 
Start water cooling pump and check for leaks again. 


Energize Cvcle-Dvne bv turning on line switch, overload switch, and setting 
timer switch to off. White light should come on. (Allow for warmup at least 5 
minutes). 


Mount samples in the stainless steel press. 


Attach thermocouples: a) attach first one 1/8 inch to one sıde of the interface, 
b) attach second one 1/8 inch to the other side of the interface. 


Close ball check valve. 


Press the samples together using minimum pressure (300-500 psi), (2.1-3.4 
M Pa). 


Check sample alignment. 

Check coil position. 

Turn on MTS Temperature Control Panel and set digital dial to desired setting. 
Verify all thermocouples read the same temperature. 


Start Cycle-Dyne Induction Heating by depressing the blue button. (Red light 
will come on). 


SOIT ONNE NOV CREATING A RF FIELD TAKE CARE NOT TO 
SHORT OCT ITE COEPER COIL. 


Record temperature every minute for the first five minutes. 


Once the temperature has stabilized , adjust coil with nonconductive bakelite to 
achieve the same temperature readings in thermocouple one and two. 


After the desired temperature is achieved at the interface, Pressurize the samples 
together at the desired pressure. 


Hold samples together for 30 minutes. 
Record temperatures every 5 minutes until experiment 1s complete. 


After the bonding time is up, secure the power to the coil by depressing the red 
button on the cycle-dyne. (red light should go out). 
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22. Secure Cycle-Dyne, Water Cooling Pump, and Temperature Control Panel. 


23. Allow sample to cool under pressure to approximately room temperature. 
24. Slowly release pressure and remove bonded sample. 


APPENDIX B. 
SCANNING ELECTRON MICROSCOPE PHOTOGRAPHS 
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SEM edge view of silver laver. 


Figure B.1 





Figure B.2 Bonded surface of sample A. 
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Figure B.3 Sample B silver interface (200° C #1&#2). 





Figure B.4 Sample B silver interface (200° C #3&#4). 
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Figure B.5 Sample A silver interface (300° 
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Figure B.6 Sample A silver interface (300° C #3&#4). 
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Figure B.7 Sample D silver interface (400° C #1&#2). 
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Figure B.8 Sample D silver interface (400° C #3&#4). 
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